shear, varying the viscosity contrasts and strain intensity (Fig. 2d,e) . Rotation of 135 stronger inclusions commonly results in folding of the matrix foliation at the 136 flanks of the objects and deflection of the wings into these folds. We apply the 137 results of Grasemann and Dabrowski (2015) to assess the relative strength of 138 granitic melts, their crystallised products and the deforming rocks into which 139 they were emplaced. 140 into the necks (Fig. 4a,b) . These relationships are indicative of extensive 181 elongation of the pegmatites after their emplacement, i.e. boudinage. Other 182 pegmatite bodies show both folds and boudins (e.g., Fig 4c,d,e) . The boudins 183 have various shapes and aspect ratios, from highly elongate (Fig. 4a,b) to short, 184 barrel-shapes (e.g., Fig. 4, c,d ,e). Although all these relationships attest to the 185 pegmatites having greater competence than their host rocks at the time of 186 deformation, the different forms are suggestive of a variety of competence 187 contrasts, as implied in Fig. 2a . 188
Where the pegmatites are folded, the axial surfaces are sub-parallel to the 189 foliation (Fig. 4f) . Vein thicknesses are preserved around fold hinges (e.g., Fig.  190 4g), suggesting that they responded as single-layer buckle folds (Fig 2b: Ramsay,  191 1967). Therefore, as with the pegmatite pods, they had a substantially higher 192 viscosity than the surrounding rock during deformation. Deflection of foliation 193 around many fold hinges further attests to a high competence contrast (Fig. 4b,  194 g). These fold trains are offset by dextral shear zones (Fig. 4e,h) . 195
The pegmatite pods and veins commonly display cuspate margins (Fig.  196 4b), indicative of interfacial buckling (Fig. 2c) . These relationships also implyM A N U S C R I P T
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7 that the pegmatite body deformed with a greater competence than the 198 surrounding rocks. 199
Lastly, many pegmatite pods have flanking folds where the foliation 200 makes a high angle to the margins of the intrusions and to the regional foliation 201 trend (Fig. 4) . We follow the interpretations of similar structures (e.g., Passchier 202 2001) that they form by rotation of the intrusions as bodies with viscosities 203 higher than the matrix. The foliation folds are only found adjacent to the 204 pegmatite pods, making this explanation more plausible than the proposition 205 that the pegmatites intruded fortuitously along pre-existing fold axial planes (c.f., The pegmatites ubiquitously show coarse textures defined principally by 233 large (5-20 cm), interlocking sub-hedral feldspar crystals. These occur together 234 with poly-crystalline quartz commonly forming irregular domains within the 235 feldspars and as intergrowths between laths (Fig. 5a, b) . These are typical and 236 consistent with a primary igneous origin. They are preserved right into the necks 237 of boudins (Fig. 5f ) and along folded veinlets (Fig. 5h) and are also found along 238 cuspate pegmatite interfaces (Fig. 5f ). Although feldspars locally contain quartz-239 filled fractures (Fig. 5h) Generally these rinds are 4-6 cm wide, containing feldspar laths of about 2-6mm 244 width, locally with lengths equal to rind widths. Other rind textures include 245 patch-clusters of intergrown feldspar and quartz (Fig. 5e) . The rinds pass into 246 aggregates of large feldspars (Fig. 5d) . 247
The internal structure of folded pegmatite veins can also be 248 compositionally zoned. One buckled vein, 4-5 cm wide (Fig. 5g) contains a rim of 249 coarse (cm) feldspar with an interior layer of poly-crystalline quartz. Locally the 250 quartz forms elongate patches, apparently axial-planar to the folds, but without 251 alignment of individual grains. Similar quartz textures fill small fractures, in the 252 limbs and the hinge area of the folds (Fig. 5h) . Elsewhere, folded pegmatite veins 253 can contain shape fabrics defined by large (5-10 mm) feldspar laths separated by 254 seams of poly-crystalline quartz with only weak grain alignment (Fig. 5i) . The effect is to delay crystallization (e.g., London, 2011), especially where 315 experimental melts do not contain pre-existing nucleation sites to promote 316 crystallization. The consequence is that hydrous melts can retain their very low 317 viscosities, and when expelled from source migmatites they can migrate for long 318 distances before being emplaced into cooler rocks. Presumably the principal 319 migration path away from the source migmatites is along fracture systems (e.g., 320 Brown, 2007) . 321
Once it begins, crystallization from strongly undercooled hydrous melts is 322 exceptionally fast (e.g., Webber et al., 1999) . Baker and Freda (2001) report 323 feldspar crystal growth rates from experiments of up to 5x10 -9 m.s -1 . Therefore, 324 10cm feldspar crystals, such as those found in the Torrisdale pegmatites, could 325 grow in a few years or less. Furthermore, as undercooling inhibits nucleation, 326 few very large crystals grow exceptionally rapidly (e.g., Nabelek et al., 2010) . 327
This will have the effect of creating aggregates of very coarse, sub-hedralM A N U S C R I P T
11 feldspar crystals within melt-pods. We suggest that the rigid-body interactions of 329 these new large crystals will significantly increase the strength of the pods, even 330 with significant volumes of melt remaining. If the host rock of the intrusions has 331 comparatively small grain size, or significant proportions of weak phases (e.g., 332 mica), this process could result in a competence contrast where the partly 333 crystallized body has a higher competence than the finer-grained host rock. This model provides explanations for the complexity of textures and structure in 502 deformed pegmatites. However, many existing studies of these processes 503 consider undeformed pegmatite arrays (e.g., Webber et al., 1999) . When 504 emplaced into active shear zones, such as in our example from Torrisdale, the 505 structural evolution may strongly influence fractional crystallization. It may be 506 tested through carefully mapping the relationship between stringers, larger 507 pegmatite bodies that source them and their internal textures, using these 508 geometric relationships to erect a relative history of crystallization, deformation 509 and rind-rupture. Later crystallized phases should be increasingly enriched in 510 incompatible elements, if the studied system is closed. However, given the large 511 grain-sizes and potentially complex zonal growth patterns, such linked 512 structure/microstructural and microchemical analysis would not be simple. 513 514
Tectonic implications 515 516
The role of undercooled hydrated granitic melts, the forerunners to 517 pegmatites, in weakening actively deforming crust may be over-estimated. Initial 518 crystallization, preferentially located on intrusion walls can occur over time-519 periods that are too short (< a year) to accumulate significant tectonic strain. Granitic pegmatites, similar in structure to those we describe from 528
Torrisdale, are the principal syn-tectonic magmatic rocks at Nanga Parbat (NW 529 Himalyas) where they underpin the notion that decompression melting has 530 enhanced crustal-scale deformation (the aneurysm model of Zeitler et al., 2001 . 531
But, as noted elsewhere (Butler, in press ), melting and the emplacement of 532 undercooled granitic melts may act to inhibit rather than promote deformation. 533
We concur with others (e.g., Neves et al., 1996; Brown, 2007) (Sirbescu et al., 2017) . These experiments show that crystallization 559 is inhibited but once it begins, can be initially exceptionally fast (cm/yr). The 560 initial crystallization rates greatly outpace natural strain rates in shear zones. In 561 many pegmatites, the first crystals form preferentially on intrusion margins. 562
Natural textures in the studied pegmatites include coarse-grained feldspar-rich 563 rinds that we interpret as having encapsulated residual melts. Solidification may 564 have been pulsed as the residual melt became enriched in incompatible elements 565 that acted as crystallization inhibitors (chemical fluxes). Thus, significant melt 566 can remain during deformation, but these partially-solid pegmatite bodies can be 567 stronger than the shear zones within which they are emplaced. Our case study 568 from Torrisdale (NW Scotland) displays field relationships that are common to 569 pegmatite-bearing shear zones elsewhere (Karlstrom et al., 1993; Henderson 570 and Ihlen, 2004) , and so we propose that the following deductions apply 571 generally to these systems. First, the lack of recognised weak-inclusion 572 behaviour imply that the pegmatites accommodated no significant strain while 573 retaining viscosities of fully liquid, hydrous siliceous melts. Second, we suggest 574 that: i) melt distribution is more important than melt fraction for the rheological 575 behaviour of partial melts; and ii) the incompetence of partial melt bodies is only 576 fleeting, as the emplaced granitic magma does not get the opportunity to 577 accumulate significant strain. These partial melts will not therefore have 578 provided a significant weakening mechanism in shear zones, and indeed, they 579 represent an addition of competent material. 580 581
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Highlights
• Typical field relationships in syn-tectonic pegmatites are re-evaluated.
• Pegmatites have igneous textures but deformed as strong, not weak inclusions.
• Initial crystallization forms coarse-grained stiff rinds that enclose residual melts.
• Experiments show that competent rinds can crystallize in less than a year.
• Deforming crust is strengthened, not weakened by injection of hydrous siliceous melt.
